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Analog Electronics Lecture 1 – Operational Amplifiers 
 
 
 
An Ideal Operational Amplifier – Op-Amp: 
 
 
 
       VO = -AOVd = -AO(V+-V-)  
 

 
 
Vd is the differential input voltage or the mathematical difference between 
the voltage at V+ and V-.  AO is the gain. 
 

 
A real Op-Amp 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ideally:   Reality: 

  AO → ∞   AO is less than ∞  and is dependant on frequency. 
  Ri → ∞   Ri ranges from 2MΩ to 1TΩ (1x1012Ω). 
  RO → 0   RO ranges from 10Ω to 100Ω, typically 75Ω. 
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Control Theory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applications of the Op-amp 
 

• The Voltage Follower 
 
 
 
 
 
 
    
     β = 1  
 
 
 
 

• The Non-Inverting Amplifier 
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• The Inverting Amplifier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• The Differential Amplifier 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

• The Integrator 
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• The Differentiator 
 
 
 
 
 
 
 
 
 
 
 
 

• The Non-Inverting Summing Amplifier 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


